Abstract: Knoevenagel condensations between aldehydes and substrates containing active methylene groups were carried out in ethanol at room temperature, in the presence of potassium phosphate, to afford unsymmetrical olefins. These condensations have been shown to afford only the E-isomers in greater than 80% yields. Salicylaldehyde first produces the Knoevenagel condensation products, which undergo a subsequent heterocyclization to give coumarin derivatives. The structures of the synthesized compounds were established on the basis of UV, IR, MS and NMR spectroscopy.
Introduction
The Knoevenagel condensation has been extensively studied and has been used for the preparation of a broad spectrum of substituted alkenes. This condensation may be carried out in various homogeneous media using catalysts such as piperidine [1, 2] , amines, ammonia, and ammonium salts [3] [4] [5] . In recent years much attention has been focused to use of natural inorganic solids such as alumina [6, 7] , amino groups immobilized on silica gel [8] , zinc, magnesium and aluminum oxides [9] [10] [11] [12] , resins [13] magnesium phosphate [14, 15] and natural phosphate impregnated with sodium nitrate [16] to catalyze organic reactions in heterogeneous media.
This work concerns the use of the Knoevenagel condensation for the synthesis of several substituted unsymmetrical stilbenes containing the powerful electron-withdrawing cyano group, using the simple and efficient route shown in Scheme 1. The procedure adopted is based upon the method used by Yi-Qun [17] , utilizing a solid potassium phosphate as a catalyst. Stilbenes have been studied as models of standard photochemical parameters for trans-cis isomerization processes, such as the photostationary state and quantum yield [18] . The polarity of the solvent has strong influence in the rate of reactions involving charged species. Rodriguez et al. have examined the effect of different solvents on this reaction [19] . They concluded that the higher the polarity of the solvent, the higher the reaction rate. Furthermore, the highest activity was observed for ethanol.
Results and Discussion
Knoevenagel condensation in ethanol at room temperature of aldehydes with one mole equivalent of compounds containing active methylene groups in the presence of K 3 PO 4 afforded the corresponding trans-stilbenes (Scheme 1, Table 1 ). For all the compounds studied in this work, the sole condensation products detected were the corresponding E-isomers, in agreement with what has been reported previously [20, 21] . All the active methylene containing compounds used in this study cleanly gave high yields of products. As an aside, when 4-nitrophenylacetonitrile was used, the addition of a drop of its solution to the stirred catalyst in ethanol resulted in a dramatic change of the colour of the reaction mixture to deep pink, which after a while changed again to a deep green colour. The resultant green coloured solution bleached out when treated with dilute hydrochloric acid. This could be explained by the resonance due to the powerful electron-withdrawing effect of the nitro group upon generation of a carbanion by the catalyst, as outlined in Scheme 2.
Scheme 2
The use of salicylaldehyde as the aldehyde component led under these reaction conditions to the formation of heterocyclic products. Presumably, the expected Knoevenagel condensation products were produced initially, but they undergo a subsequent heterocyclization through nucleophilic attack of the phenolate ion on the electrophilic carbon of the cyano group to give the intermediates 11a-c, followed by hydrolysis to give the isolated coumarin derivatives 12a-c (Scheme 3). This cyclization process was confirmed by the spectral studies (IR, 1 H-NMR, and MS).
Characterization data is shown in Table 2 . The 1 H-NMR and IR spectral data are presented in Table 3, while Table 4 summarizes the UV absorption maxima (λ max ) and maximum irradiation times for trans-cis transformation. 
H-NMR spectra
The structures of all synthesized compounds 1-12c were determined by high-resolution 1 H-NMR spectroscopy. The chemical shifts for the E-stilbene isomers of all prepared compounds are listed in Table 3 . The spectral data of 12a-c listed in the table also confirm the occurrence of the cyclization process, as the disappearance of the signals due to OH group in compounds 12a-c provides additional evidence for the formation of the heterocyclization products. 
IR spectral data
The important diagnostic bands in the IR spectra of compounds 1-10 were assigned and the band positions are compiled in Table 3 . The compounds gave medium strength bands in the 2206-2225 cm -1 range which can be attributed to the stretching vibration of the C≡N group. The compounds also showed bands in the 1585-1600 and 2940-2988 cm -1 ranges which are assigned to C=C and C-H group stretching frequencies, respectively. For the nitro derivatives, the two bands in the 1512-1516 and 1327-1339 cm -1 range are probably due to the asymmetric and symmetric stretching vibration of the nitro group. The IR spectra of the chloro compounds 3 and 11 showed a strong band in the 700-821 cm -1 range, assigned to C-Cl, while compound 2 exhibited a band at 520 cm -1 corresponding to the C-Br bond. The fluoro compound 1 showed the C-F bond absorption in the 1215-1250 cm -1 range.
The characteristic bands in the IR spectra of compounds 12a-c were also assigned to the corresponding molecular vibrations. These compounds all display strong bands at 1720, 1708 and 1701 cm -1 corresponding to the C=C group of compounds 12a, 12b and 12c, respectively. The appearance of the ν C=C band and the disappearance of the bands assigned to the C≡N and OH groups confirm the cyclization process represented in Scheme 3.
MS spectral data
The cyclization process and structures of the coumarin derivatives 12a-c were further supported by the electron-impact mass spectrometry (EI-MS) data. Thus, the EI-MS spectrum of 12a gave a molecular ion peak [M] + at m/z 289 in agreement with the molecular formula C 15 
UV-Vis Spectra
The trans-cis transformation was studied by recording the electronic absorption spectra of the compounds under study using toluene as a solvent. The spectral data listed in Table 4 exhibit a blue shift of the band after a certain time of irradiation. The transformation process is irreversible. No. 
Trans

Experimental
General
Melting points were recorded on a capillary melting point apparatus and are uncorrected. IR spectra were recorded on a Shimadzu 8000 FT-IR spectrometer as KBr discs.
1 H-NMR spectra were recorded on a Varian Gemini 300 MHz in DMSO-d 6 with tetramethylsilane (TMS) as an internal standard. Elemental analysis was performed on a Elementar Vario EL III elemental analyzer. Mass spectra were performed on a Shimadzu GCMS-QP-1000. UV-Vis spectra were recorded on Shimadzu 1601 PC UV-Vis spectrophotometer, using toluene as solvent.
General procedure for the Knoevenagel condensations
An equimolar mixture of the aldehyde (5 mmol) and a substituted phenylacetonitrile (5 mmol) was dissolved in absolute ethanol (10 mL) and this solution was then added dropwise to stirred solution of potassium triphosphate (2 mmol) in absolute ethanol (10 mL). After the addition was completed, the mixture was stirred at room temperature for 1 h and then poured into water and shaken well. The precipitate formed was filtered off, washed several times with distilled water and dried without any further purification.
